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(57) Abstract 

PURPOSE: To realize a two layer gate structure having 
high flatness and charge retaining characteristics. 

CONSTITUTION: A P* impurity diffusion region 5 is 
formed in stripe in an N wefl 2 made in a P type 
semiconductor substrate 1 . A trench coated with an oxide 
8 is made therein and pofisflscon 10 is deposited in the 
trench. A potycrystafline or single crystal silicon 
semiconductor layer 12 is provided thereon with source 
region 14 and drain region 16 being formed therein 
through an insulation film 11. A metallization 20 of Al, 
for example, is further formed thereon through an 
intenayer insulation film 17, e.g. BPSQ. A diffusion 
region 5 and the poiysilicon 10 serve as a control gate 
and a floating gate, respectively. Since the transistor 
region is formed flat the wiring region is also formed 
flat Furthermore, infiltration of contaminants can be 
prevented effectively because the gate is embedded in 
the semiconductor substrate. 
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i 

iffiESio+tcsa&fc**!. 7D-fY>^y-Rir 

jB«*a-r«a2®ttMU:. 

^E4 £ #»**£Bi±K»^$n, '>u< £*>m&m<D 
ME3?^<DitrEm i o»aaa±K*/fisn. n > h 

WE*ft©ttE5B2 0«aW±K»jffi*n. 

HE*»#i«±ifi±i:»j«*ti, &to<t*>msm2 
A, 



(2) 4$@U¥7- 1 0 6 4 5 1 

mm<D±<DmmzMf$.isnT^z>z\t&ftmt~rz>*m 

5g####E«SH tt 

co o o n 

S5&*«KtA/aftt86&nrE*©©att©K^2»y- 

h«BSOT#*tt¥»ffE«»«K:Brr*fefl5>T»*. 
[0 0 0 2] 

io m*<D&mi «*©»#»*wi6tt^*«tt¥»#E 

(Erasable Programmable Read Only Memory) t^^tf) 
iCi^nEEPROM (Electorically Erasable Pro 
grammable Read Only Memory) k.ifi1b<b m EE PROM 

f 1 ^) t LTi^CffiTgnri^ E PROM 

t m cmmtz 2 *> l J ^ h7>^ 

dC02»3f?U'>'j3>«ig[<0*fe^b^>>f^^ 

i^nS2H#'J ^'j3^-h^TH6. EP 
ROM-t;UtEEPROM-tr;WC7)S^^^«, EPRO 
Mtt, «*S*^*&lfi»UTff5fca&. «*tf, 0. 
6 wmxif-f >;P-;Hg3Sc0S-&tty- Htt^bKA 1 1 6 
nmiitT*5fl!)l:»l, EEPROMtt, «^ftfci8 
**fr5fc*, y-h«ft«ttEPROMJ:0*VU0 
nmgJtT*5tH5jSn!*5. #389Jtt;icr>J:5fc:2 

H#u->'j3 >«jfi*^rr t'jt^h7> 
30 ^rr^fccDT&So 

[0 0 0 3] Jfcfc, |£*©2Ji*U->U=i>«3B«D^» 
SMt^U-feJl'teOfrvr. 03 67irSgJ4 3£#HBLT 
attWT*. 2M^U>- l Jn>SiEEPROM 

p i-> u n >^x-/m o i ±i:jg i ©y- h«» 

^1 0 4, 7D-r^ >^y-h 114, SI 2 CD**- h 

*e^jgt i o 7 ^ £ n > h h 1 1 5 &Mwm 

m&&ntix\t*z>. 3>ho-ji/y- h 1 1 5&^*t 

40 «5nil^. pl->'j 3>7i-A 1 0 1 fo\Z 

<>i^H3«$ntl^. 03 7 (a) \3.Z\<D 
E E P R O M ifij&tii S nT lf»ft '> U 31 > •> :r — /\CD ¥® 

too, z<da-a' mzt&5mmmt>m3 6t* 

-5. E33 7 (b) , ^3 8 (a) , g| 3 8 (b) \t. * 
n?tim3 7 (a) CDB-B' , C-C . D-D' M 
\Zft?mWm'Z&Z>. v"j3J>«i7ni— Al 0 1 ICte*^ 
U-lr;Ph7>^X^*«»jgUJgJ«$nT^S. S3 7 
(a) Kt f&Mtl 1 1£^I&LT&*. 7-XSl^l 
50 12H &;*^UirJ«®ICjgj&^£(Zm ~>U3J>-7 
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3 

<oy— Me»Ri o 7s^ttM$nfca>hp-jv 

y— h 1 1 5j&*5£*. ^d-t 1 ^ >?Y- h 1 1 4 
y-hl 1511 i&ttKlOfctfDKfcoT^S. HU 

-f^S^l 1 3», y-h«i#*«*v-^i«i 

I 2 2z|pJrt>Vv&oT:feD, 70-f >f >^-M 1 4 
[0 0 0 4] ^IC. 03 3*#fl8UTJ10E 

EPROMom&xa^i&iprr*. *-*\ pixun> 
loiiifzLocos mvimik) mz£K>m?m&i 
0 2ty>c-)v Fffltm 103 tewmzMfSfr* m 3 
9) . &\z, &\<D?-vimm\ 0 4 tu^U3> 

MSI 2nmg^$t, *0±lcmiO*ISa5/ 

U3>i 0 5£cvDfc£iCcfcDit8rr*. ;n«ii: 
KififlUK«flij£u *<D±L\zm2<D&t&misV3>i 0 

8£CVDfc£K«k!33Mft*r*. u©^SS/'J3>1 
0 8ttSBc:n>hn-;|,y-hi:fc* a 3£lc, 7*h 
Ui?X V 1 0 9K«fc3 2Hy-HSJgj^-rSfc8&tC/^ 

10 7, miC0^Sv'j3>l 0 5^0^X-y5 1 >^ 

-r* (04i, gj4 2)„ cn(Ccfcos4 3{^-r^5 

> bn-^y-h 1 1 5M7D-T^>^-h 1 1 

|S£i£U ??T0C7* M^>?XM 1 0*M«B#«<O3>h 
□ h co>lsrt (c^Elf S^f « <fc 5 * -= > ^ 

— >£fgJEfc*t*. ^n^SAS (Self-Aligned S 
ource)8fl5£V>5 (04 3) . 
[0 0 0 5] fr\ZtHmy* hVyXM 1 0£|$£U 
>-U3>I£{fcBll 1 l<c^Bfflc»jaUfc«. V-Xfifltt 

I I 2^*>&A~rz>rz®<Dy* huvxh m^-ft 

AU lilfitUTV-X&^l 1 2£J§?J£T*. $ 
6i:H*0*fei:j:Dl«K>jR«l 1 Z*&fctZ> 

(S3 7, ^3 8) „ «»<oanfjcj:Dy-h 

flUP#£^tr¥##gfcl 0 l^ffitClfeJt&l 1 Q*M 

hfcH?LWBMe*-r*. z\<Dm\zVT&mzn 

fc*^U-feJWi, ¥W^S_blc2jg<D^U>''Jn>y 



(3) &BB¥7- 1 0 6 4 5 1 

1 0 0 mnifiCit^^CT^O, »ICV 
-Xttf&S«l 1 2^^tf(K«y-hffilS(i^/htr'y5 1 

CO 0 0 6] -tcDl^^-fe^h7>^X^*fci2*UT 

«ffitttm*nr^*«i8fc, "o" £ks«j 

* :ti:<toM±7D-7>/ >^y- h *©^Taa< 

co o o 73 am«»R±i:^snT^s7;vsr«> 
a (ad &m\*z\<Dmm\z£^Ty-hmmfr±*7k 

fcft, 04 1, 04 2T?SfcEU£<fc5ICV—X£#l 1 

y- h^astris^T, v-^«ty-hT©ft 
£g>#x hBMfcisfcgsffcsnsy- h»ffliff»©y- h 

[0 0 0 8] 

7Q-f>f>yy-hl 14^iRil0 7, 111C 

50 «firff*mtt*«ffi-F-r*. «w«»»tt&a#-rafca6 
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fete, m&m<09ti&<ki>WM£te2>&* W-tBteomztZ 

hl/i?Xh<07*- ftX&ltJP&U. £«©££<£€<& 
TStt*. 2e>K, *HE«Sffi*#X«fc&tf. * 
©«Btt©«TB:J:D*l,<fc*, C©«*»i6*CttV 

«ft*fiSASS*lCJ:oT»J«bT^5A». 

*©-;>* 

JE»T©iiCHK:fc*. *&W\Z. £©<fc5fc^tiriC<ko 

»»tt*««n, aftmnfe&nreeaamitt© 

[0 0 0 9] 

ACMU. y-h«Bfl«DJ:©4H*raMR©±K:**S 

*£B©wa£*vm«aBtt. ±m\zmt>w 

fr»«*w±ic»j«an, BE*M£ttiiftEai2©f& 

jsfc^nfcv—x/nw mev— x/ 

Fi^>«*w©^**;u«*tt. t(ri2#^@cD±©m 

[0 0 10] MIS¥#{fcgfe;£® 
WE¥**a«Eflfi±fc#j**ft, 

< 1 6 «rE7M«tt«:«««tt«-r 5 m 1 ©*&&Bi t , 

lWE^M4jMt««*±CWESS 1 Offi&i^UTI^ 

ttE¥«m«c£iif±icMdtu <J>fc<£fcjfflse 
±t»**n. ffiE«M&ttffl£B2©«fm£4'b 

-X/HH>«tm. fMBV-X/HlH'>* 



(4) ^¥7- 1 0 64 5 1 

th*»i©ibwr£, B£»rt©itiE£ 1 ©£«K± 
nmnmt* m&**fr&VL3-m-t\zi&tf&n'p%L< t 
ftmft<Dm$£m2<D&m&±\z&&zn, saE^n-T- 
»flc*«M±K:»j«a?n, WES 2©** 

B*«BUTH«5B3©»M£. WSB¥WteaS«£ffi 
if? ±K»J«3«, MEWBBfcttttEBSalUMe^U 

-VHH>«ttm. BEV-X/FW >B 
*B©*ir*/HMM*. neiUOJiOlWCSAiS 

[0 0 11] 

u 3 u 3 > t*o±©^iiga-> 

Vn>&\zmtonT^&<D^mto<DMMttZ<®W 
©±©^teS*>u:3>©^irs«e>&£ftTH*©-e, * 

^t4©T. VX^K^i/^-X^KcfcOJBJ&T 
[0 0 12] 

*BW©JMM!fcWTHW*#BUTRB 
"Ti. S-T, H17IrSBIl O«r0HBUT3Sl©^JfiW£ 
Kiri**. BIB. 7;W3xtfAfcE©fcJHE«*TJ8 
jfc3nfc4**#E«BB (EEPROM) ©-fc;Wh9> 
$>X*©«BB, B9tt, ¥«MStt£B©tHaB. 0 
4H 0 3 (a) ©3Cfl»0|©¥BB, B2 75S0 1O 

h, c©4 j Jc-fe;uH^>vx^^j5£$n^NC7x;i/2 
ft«»©S*TOj«t-*. co^iMSi^I^H 

BfkUT. BAtf, 1 0 0nmUm<D?*-&itm3Z 
&0SLtZ>. ■€•©». RfcR3©±fc:jJr£©At*-->fc*- 
T57*M^^7h4SXh7-f 7*^l:Mt4. -tb 
T» #n> (B) £H-b!>^bT3>hD- ;P$*-h 
£fc*pS!ft««#5£N^XJU2*k:jBj&-r*. 3> 

Hi. ¥Bfl&KlK:i& ttft©N^xjP23W»jgU» 

50 j££nT430, ft^xjvica. -tn-?n!a»©*«©3 
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(5) 



h p~-;wy- h 5 », witty *h b 4 h ^-f 

^0/^->CLfc^T, 4M»#Sfcl±l;:Xb7 
^^H^^tlS (0 2) . 0 2 (b) tt. 7tM/ 
yXh&«i$tV^02 (a) C^SSIO 

¥®0cdb-b' 5 gf®0T&5o 

[ooi3] hus;xh4«mHt£u m 

It. j»7££Mfcm«5tC»MUBj£TS. 

n«. S3 (b) tt, 0 3 (a) i©¥flfi 
0©B-B' *Stc^-5®rffitSdT^^)o »7tt, 

— juy— h5<ortg5fc^snT^s©-e, m 7 ions 

$n57n-f-f > yy- h £ Z\(Dzi > h p-jwy- h 

i^ot^w^^ 

•MS. 7n-f^f >^y-h©J#R# a? 

03 (a) £fcm&S4ffi©MT&S., 03 (a) ©#7 

3>hD~;uy-h5©*»c^$ns^ 04© 

Sm*, □>hn-;^-h 5 «fcD«jW£<fco-CV>S 
*t, fcmffl&lzlt&WltomRiW&iibZtifc^. #Cl~* 7 
th^h6t^ -KibK 3 1 -b* & 

fiJffc&^LT, 1 ©£©{:: ->U =J V^MS^IS 

& £©*e»Si 8 £*<D Ji\Z&&& ^ U 3 >R 9 Sm^-T 
S (05 (a) ) . 
[0 0 14] fr\Z. :o^Iy'J3>^9Siy^ 
yi7UTffl«B»7l3aii*nft:^JlSS>' , J3>©**3l 50 

«=s«iicS5«fc5iz-rs. «7^©^«esv , j3> 
y— ho ttt, -f u >ftftfc £©7j8rc* 

tt«€Ht«lTnS!i:Utt)^V>U r J >&£© b—7* 
« 1 ^iStCv-U 3 >BMfclBfc £©*&»« 1 1 *BfclsT 

(b) ) . #1^ £IM^U:3>iW>&&*¥*IMWgi 
2£CVDfc£f::<fcO ¥ 1 U 

U3>¥##£«ks&**i.tus©t!, 
-r7Afc£©&«oi©M^&©fa±K^fc*<s (0 5 

(c) ) . 

[0015] &\z. &m&i/vzi>m*e>te&*mftm 

1 2±.\Z7* hl/yXhl 3SJB&U iin^TX^t 
UT, ^yU3>I*^^5^il 2W7D- 
5="^ >^y-b 1 0W±O«««CAstt£^tt«F*-f 50 



^7- 1 0 6 4 5 1 



8 



j£L (0 5 (a) ) , *©»£©^l*W£«i&»UTn 

&l,T#5:7*hl^*M 3£*«Mfr3cU ttfcD£ 
m<07*bVV7> b 1 5 t*«ft*>U3>B*6ft«* 

6fcS¥£#B 1 2070-f-f >yy—b 1 0±©fli 
«*4»^iCUTV-^0«l 4 t»*©*Sfc«C W*. 

H««l 6£f£j5£-r* (06 (b) ) , -e©&> 07& 
OC0 8C^-r«fc5trnS««l 6^^tt»UTn^HU 

-r 1 6 $-fe^cTt(c^«i^-rs. 

[0 0 16] ^l->'J3>RA^ft4^Sl 2tt 

AO, iEf4TM3<a5. 07»t#*§a*>Un>|g 
Jj^asf^l 2^j&Sn&¥##gfc©¥ffi 
0, 0 8 (a) Rtf0 8 (b) te> £©¥®0©B- 

b' umtc-c »t»"5»rffiB*T?as. ¥®0t? 
tt, i ©rta&wu *sntv^t^, Slfcs 

5isnf:7D-f^ >^y- h i o*itjwn:^»$n 

£ g ft©te{c-r s fc * \zr * *)]/fcmz*wm$: b — tr 
t©iwco««i 8tc#p>At*©-f^>aA^fform 

5S3tO»ViTj^&, 0 8 (a) K^-Tcfc^lC^ISilv 
U3>fi^6S;5¥#ftil 2 £Jf flU*&0#3 1 
■TS. WZ. 7* hl^^Xb*ffl^THra*6»IKl 7* 
/^-r>^tt H U-f >iB«&8a-TS3 h?L 

j^U, HW>i^l 6 £*aWfc&82-tfS. 3>h 

t, mffiEStt^sAJBrat&iiyRoifcmsnsfcft 

[C7*-*XXWt>M</^^-x>^«nTIB^AS. 
[0 0 17] ilBOWCtt, ¥*^SSi±ic-fe;uh7 

>i?x^*«j«-rsv-x/HW>0«^j*^ns 

ICitlft 5 tT ^ S # C ~> U P ^ A S 

bui >m&m(D3 L **)i'fcmz<D&m!&v. ¥m&m 
tiii±\z j tn&mmmzi&tft.uT*>Sk^. z\<om^ ? 

* b MC*S/^— — >^j^5HCAS^, S¥S 
tSl«K>fil«-HV^ >««W<©«« 1 8 

n>©*Tfc*ra:*EK:ftS. 0 9«> 0 7©¥®0©«B 
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R*6ft5¥»ftSl 2±<DBfflf6»K«^UT^fc 

[0018] mz. hi onm&i 3&&mvx$&2<z> 

;i/2£Sft©8«TJ&£-r*. £<Z>#aU#:£«l(D^ffl 
£&8Sfl:L-r, KrtsBt3£#j£T*. ^©^, &teIS3 

IT, B*K~hT>^bTn>hn— HtifeSp 

*ft<oNOx;P 2 30«»jgum^$nT 
439, &«y-x;wci*, -tn-6n*ft©#«©a>hn- 

h5H ltffS27* hl/>>X h^-f^CD/^ 

-ttftR3S«*|»3cUT«ffclC5/U3>ttfl:«2 6£ 
-ecom^X^T^g^iir^xtre (Hi l (a) C02 
8) iO, *tr^**^tt|^Sft<oiBJ?^j^U, 

^ >yy- h«jsm(zA««)K^bn2 e 

(010). HI 0 (b) ttHl 0 (a) <DB-B' U 

\zftoWimm-z$>z>. 

CO 0 1 93 &\Z. 7thl/y^h2 7£JRHHr>T*>5 
1 ©»ffl UTirssaaitCS/ U 3 >#i^S® 2 

chirrs (hi o (o ) „ gg^ 
n 2 8ic«, AMftH2 6^£«$n 

*o«. x.y^>if\z^Wtitm2 6*[$£U jft 
*K3 0T»«U f©±^fifiy'J3>K3 1£JB 



(6) ^7-1 0 645 1 

j£-T£ (HI 1 (b) ) . ^Sy'J3>g3 l£Xy 
f>^'^l/Ty'Ja>R2 8«HHFLBB2 9ft\Z<D& 
Sltun$7D-r^ h 1 0 Z\(D7 

n-7-*>?f-hi ok. <t>aA, u>is«** 

T7D-f^>^-M0 *«8t5 (H 1 1 
(c) ) o '&\z. &&m3 2<n±iz&8i&zs*)n>mfr 
^^®12$MU u©^y'Jn>JSt: 

6£Jgfi£-T* (HI 2, HI 3) . HI 2l*#iJMfcS« 

<D¥mm~c&f)mi 3 (a) r#hi 3 (b) -t© 
««*»ricLT^6. z.<r>mm\zn>?? h?L£7&££ 

[0 0 2 0] HI 475SH1 9 5#IUTI3© 

H56#J£I&93-f<5o HI 4 (b) HH14 (a) It^f 

¥-mm<DB-B' mzfeommm-n&z. pSyun> 
*x^2««»®a«T««r*. t©***asio 

^ffi£&KfcLT\ 09;Ui, lOOnragS0y>-g 
ft«3t»«t**©«. Kft:K3fiD±izm^o/i^- 

>^ft57;i- h 1/>>X h 4 ^LTu0M3^ 

/t*-x>^u 7h7>f7^i:^Mii^e 

(HI 4) . -t-LT, ^©7t M^vT. h 4 £ 
TX ^ £ UT4HMra« 1 i£® £H7j&x y^>{fmt 
i:Tl7f>^bT ) S?tf©3?3 5££-N^XJk2^IC 
S&*^r>»jgL^T* (HI 5 (a) ) ■ HI 5 
30 (a) \i, HI 4 (a) ©B - B ' *§HCt958rffiHT& 

i83 5^lt^6. mmft&tiLi&miz. mx 
lefty y 3 1 04affc«ai/, 

^y^l:<fc^T^ifiy'J3>|R3 7£iB3 5^fc* 

y-h5<0_tJC^*T<5 (HI 5 (b) ) . 

CO 0 2 1] *©«m*£*MS'U:3>3 9*¥aMM 
«lJbfc*»U (HI 6 (a) ) . X^>^-y^ 
^? froTtt*K3 8±fcEOSn*,t5*:«llB-C#l|g»-> 
U3>i3 9£i3 5l:SM (HI 6 (b) ) . Jfc^ 
MMfi 1 1C7* h 1/yX h 4 0 n 

St t5/^->£MT5. -eUT, CCD?* hU-iy 
Xh4 0«rVX^{zLTPtia^^nfc^a'>Un> 
BI3 9*-fe;Wz^WfbT, 7P-f^>^-hl0 
£Jgj£-r*. #*SS->'J3>&3 914, fttO$ST3 

50 n-x>r >^y-M 0«, -l-^^A, U>t£«ft<5 
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>hn-;py-h5, fg&8l38, 7n-^>f >^y- 

»4 1 d«^ntl^ (H17, H18). H17 

(a) te> 017 (b) te£<Z>¥ 

®0©D-D' Alicia 5 £rffi0. 018 (b) te, Z<D 

w-w®<dc-c m\zB5mw&-?$>r). 01 8 (a) 

1 ^® l±^67*S!/yXh40 
$fJ](8^UT^6. l affile 

&{fcmft£<7>i®i&a4 2£^u :nsi7fn-^ 

It^D-f^^-h 1 0KO«4 1 KfSiSJSM 
3£*&&tf (01 9) . 

CO 0 2 2] £JL±<DX^lC«fcO. ^S^¥#^S«^ffi 
«)S5n5. WT©Igii, 0^teLft^ffflj£<Z)m 
l<7)|ISSC«l&r/B2O||JS0Tf < i:^T*^. fiP^, yu 

ifcl T^*£J|-> U 3 >« & C V D £fc .fc 0 

[0 0 2 3] B2O75M0 2 4£#J8!bT8l4 0> 

^J^^tS. 020 (a) -fe^h^^^X^ 
^sn^^IS^jg^Tfet), 020 (b) 

a. £©¥®0Z)b-b' miz%t5Wrffim'c&z>. 0* 

OX^InlliliyHim Y#ftte , 7--K*l75l6]T& 
##S«lJbKlNS7XJI,2£Jfa£U ^©N-7X;i/2® 
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